INTRODUCTION
sons in their teens and 20s. 4, 5 Also, many of the reported patients who ingested caustic substances have accompanying psychiatric disorders including depression, schizophrenia, adjustment problems, and personality disorders. 4, 5 Although the numbers have decreased compared with in the past, cases of patients who ingest caustic substances and visit the emergency room are not rare. Therefore, in this article, I will discuss the etiologic causative agents, injury mechanism, and clinical characteristics, as well as the endoscopic evaluation of the degree of injury and proper management of the patient, in GI caustic injury. As the focus of this discussion is the evaluation and management of patients under emergency settings, the discussion about chronic complications has been omitted.
SUBSTANCES CAUSING CAUSTIC INJURY
In pediatric patients younger than 5 years, consuming caustic substances occurs accidentally; however, in teens and adults, it is mostly intentional with the goal of committing suicide. included in car batteries. These acidic materials are used less frequently than alkaline substances as a tool for suicide because they can induce severe pain. 1 In Korea, ingestion of alkaline substances was more common in the past; however, recently, cases of ingestion of acidic material have been increasing. This is thought to be due to a rapid decrease in the use of lye owing to the development of synthetic detergents, and at the same time, a relative increase in the use of acetic acid, which can be purchased easily. 4, 5, 9 A solution of 5% sodium hypochlorite, which is used as bleach, is commonly known as "Rox. " This agent is frequently reported to be ingested, but it rarely injures the esophagus or stomach. 10 Button-type batteries contain highly alkaline substances, and if swallowed, serious tissue injury secondary to local current or pressure necrosis may occur. When these batteries are trapped in the esophagus, burns may occur within 4 hours and perforation may occur within 6 hours. 8 Therefore, in those cases, the batteries should be removed through emergent endoscopy.
PATHOPHYSIOLOGY
Ingestion of alkaline substances is known to mainly injure the esophagus rather than the stomach or duodenum, whereas acidic materials injure mainly the stomach rather than the esophagus. 1, 11 However, recent reports indicating that extensive esophageal injury or even perforation is not uncommon after ingestion of acids are putting this traditional notion into question. 12 In addition, both acidic and alkaline substances can injure the larynx, trachea, and bronchi. 8 Ingestion of alkaline substances leads to liquefaction necrosis due to bonding with tissue protein (Fig. 1) . 1, 8 Therefore, it causes rapid injuries outside the esophagus toward the mediastinal wall. These responses continue until the alkaline substance is neutralized by the tissue fluids. In addition, alkaline fluid has a stronger surface tension and stays in the tissue for a longer period, thereby worsening the injury. Within the stomach, injuries are limited by the partially neutralizing mechanism of gastric acid. 13 In the case of extensive injury to the intestinal wall, complications such as perforation, mediastinitis, and peritonitis may occur and result in death. Liquid materials, rather than solid batteries, result in more extensive injuries. 8 Liquefaction necrosis occurs for 3 to 4 days and causes intravascular thrombus and mucosal inflammation, in addition to causing local or extensive putrefaction and ulceration. Over a period of 2 weeks, the esophageal wall is thinned with tissue putrefaction, granulation, and fibrosis; the process of reepithelialization takes 1 to 3 months. Therefore, endoscopic procedures should be avoided from 5 to 15 days after the ingestion of alkaline substances.
14 Stricture formation, as a chronic complication, is ultimately affected by the depth of the esophageal injury and the degree of collagen accumulation. Therefore, the subsequent possibility of chronic complications or death increases in second-or third-degree injuries. 13 Ingestion of acids usually causes superficial coagulation necrosis, in which formation of thrombi within the vessels and bundling of connective tissue lead to the formation of scar tissue. Therefore, very deep injuries that extend through all layers of the GI wall do not commonly develop after the ingestion of acidic substances. 15 Upon swallowing, acids cause severe oropharyngeal pain; thus, they are usually consumed in small volumes compared with the alkaline substances. Acidic substances have less surface tension; therefore, they pass rapidly through the esophagus, resulting in a less frequency and a lower degree of esophageal injuries ( Fig. 2A) . 1, 8 The ingested acidic substance flows rapidly to the pylorus through the lesser curvature of the stomach, causing widespread injury in the antrum (Fig. 2B) . If there is some amount of food inside the stomach, injury can be prevented because of a neutralization effect. Despite this, if large quantities are consumed, esophageal or gastric perforation may occur.
Although, as stated above, caustic injury caused by alkaline substances is more severe, a comparative study revealed that the prognosis was less favorable for those who swallowed a strong acid. 16 In this study, the acid ingestion group showed a high frequency of severe complications such as perforation or death, a high degree of mucosal injury, and a high frequency of intensive care unit (ICU) admission. This is thought to be because the prognosis of caustic injury is influenced by the quantity ingested and the types of complication after ingestion rather than by the type of the ingested substance (acid or alkaline).
GRADING OF THE CAUSTIC INJURY
The degree of injury from caustic substances can be categorized similarly to that of skin burns.
14 First-degree injuries are confined to the mucosal surface, and can show diffuse or localized erythema, edema, and bleeding. Scar formation does not ultimately occur. Second-degree injuries involve the mucosa and submucosa. Endoscopic examination can show various findings such as exudates or blister formation. Ultimately, scar changes can develop through the formation of granulation and fibrosis. Third-degree injuries include the entire wall layer, and are characterized by deep penetrating ulcers, black discoloration, or perforation of the intestinal wall.
CLINICAL PRESENTATIONS
The clinical presentations of caustic injuries are very diverse, and initial symptoms do not show deep correlations with the ultimate degree of the injury. 17 Crystal or other solid materials easily adhere to the oral mucosa; therefore, they cause more severe injuries to the pharynx and upper airway rather than to the esophagus or stomach. In contrast, liquids can easily pass through the esophagus and stomach; therefore, they can cause extensive injury. The degree of injury is proportional to the mortality. Furthermore, the morbidity of chronic complication is also related to the degree of injury. 18, 19 Depending on the injured area, pain may arise in the oropharynx, retrosternum, or epigastrium. Dysphagia, odynophagia, and excessive salivation may also occur. Continuous severe retrosternal or back pain may indicate esophageal perforation or mediastinitis. Perforation may occur up to 2 weeks after ingestion; therefore, strict monitoring is essential. 3 In addition, depending on the extent of injury, vomiting, hematemesis, abdominal tenderness, and rebound tenderness may suddenly occur. Although rare, vocal hoarseness, wheezing, and shortness of breath may also occur upon injury to the larynx and epiglottis (Fig. 3) . Fever, palpitations, and shock indicate extensive damages.
DIAGNOSIS AND EVALUATION OF THE EXTENT OF INJURY Laboratory tests
Although the results of laboratory tests are not well corre- lated with the degree of injury, a study suggests that white blood cell counts >20,000 cells/mm 3 , increase in the C-reactive protein level, old age, and the presence of esophageal ulcers are predictive factors that are correlated with mortality. 20 Some reports state that an arterial pH <7.22 may indicate esophageal injury requiring surgical management. 21 Usually, laboratory results contribute toward setting the direction of monitoring and management of the patient, rather than predicting the mortality. 22 
Endoscopy
Some reports suggest that nonsymptomatic pediatric patients who have ingested low-potency substances do not require endoscopy. However, for adult patients who have ingested caustic substances with the intent to commit suicide, most of those substances are very potent, and therefore, emergent endoscopy is recommended for all patients. 23 As an intact-looking oral cavity or pharynx cannot be used to exclude the possibility of esophageal or gastric injury, upper GI endoscopy should be performed within 24 hours of ingestion of caustic substances; however, several reports indicate that it can be safely done up to 96 hours after ingestion. 16, 24 Upper GI endoscopy can be used to evaluate esophageal and gastric injuries, as well as to predict prognosis and establish a management plan. 16, 25 However, it is contraindicated in several patients, such as hemodynamically unstable patients, those suspected to have a perforation, those in severe respiratory distress, and patients with severe laryngo-pharyngeal edema or necrosis. For patients whose injury is focused around the lips and oral cavity, esophageal or gastric injury usually does not exceed the first-degree grading. 26 To predict the treatment outcome and prognosis of patients with caustic injuries, endoscopic categorization of 81 patients was performed, and the subsequent categorization is widely used.
14 Grade 0 indicates a normal mucosa; grade 1 indicates only slight swelling and redness of the mucosa (Fig. 4A) ; grade 2A indicates the presence of superficial ulcers, bleeding, and exudates (Fig. 4B) ; grade 2B indicates local or encircling deep ulceration (Fig. 4C) ; grade 3A indicates focal necrosis (Fig.  4D) ; and grade 3B indicates extensive necrosis (Fig. 4E) . Although further studies are needed to evaluate the validity of this endoscopic categorization, most patients with grade 1 or 2A injuries have good prognoses without sudden deaths, and they do not develop outlet obstruction or stricture of the esophagus. Approximately 70% to 100% of patients with grade 2B and 3A injuries develop stricture. For patients with grade 3B injuries, a mortality of 65% has been reported, and in the majority of cases, esophagectomy and colonic or jejunal replacement surgeries are required. However, several reports have indicated that 12% of gastrectomies and 15% of esopha- gectomies are unnecessary; therefore, a more accurate standard is required. 27 
Endoscopic ultrasound
Miniprobe endoscopic ultrasound (EUS) can be used safely, and compared with conventional endoscopy, no differences have been reported for their use in predicting the development of early complications. 28 However, a study had indicated that no strictures form later if the muscle layer is intact in EUS. 29 In addition, several studies with radial EUS indicated that if the proper muscle layer is included, the treatment response to balloon dilatation decreases, and subsequent repeated procedures are required; however, additional studies are needed to investigate the role of EUS in evaluating caustic esophageal injuries.
Radiologic examinations
A simple chest X-ray may be done to observe if there is a gas shadow in the mediastinum or under the diaphragm, indicating esophageal or gastric perforation, respectively. For confirmation, esophagography or upper GI series with a water-soluble contrast medium may be attempted carefully.
The diagnostic efficacy of computed tomography (CT) is slightly higher than endoscopy in terms of assessing the depth and boundary of esophageal or gastric injury, and it is effective in diagnosing impending perforation. In a retrospective analysis of 49 patients who underwent CT, a scoring system for the degree of esophageal causticity and injury of peripheral tissues was attempted, and in terms of predicting the degree of stricture, CT showed better results than endoscopy.
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MANAGEMENT OF PATIENTS
No randomized trial has compared various models for the management of caustic esophageal injury in humans. Instead, most of the currently used management procedures are based on animal experiments.
General management
If a person is suspected to have ingested large quantities of acidic or alkaline substances according to history taking, physical examination, and upper endoscopy (higher than grade 2B), admission to a medical or surgical ICU is mandatory. By using this management approach, the development of serious complications, if any, can be rapidly treated, and the formation of strictures after recovery can be reduced. However, clinical signs may vary between patients; therefore, strict individual evaluation is necessary. It should be considered that the presence of a symptom or sign alone cannot be used to predict the degree of injury.
Endoscopy is not necessary if there are no symptoms and if unintentional ingestion of small volumes of acid or alkaline substances can be confirmed on the basis of history taking. The patient can be followed at the outpatient clinic after discharge. 8 Other patients should be admitted and kept nil per os, and chest and abdominal X-ray scans should be taken to assess for perforation. In addition, an intravenous (IV) line must be kept for fluid resuscitation in patients with hypotension. To prevent stress ulcers and additional damage to the esophagus from the regurgitated gastric acid, IV proton pump inhibitors can be administered. 31 If patients experience pain, it should be controlled with adequate administration of narcotic anesthetics. Perforation, mediastinitis, and peritonitis are indications for emergent surgery. For the treatment of patients with injuries higher than grade 3 that are observed by using endoscopy or those suspected to have esophageal perforation, broad-spectrum IV antibiotics such as third-generation cephalosporins should be administered. In patients with respiratory difficulties, laryngoscopic observation is required to evaluate for the need for a tracheostomy. In patients with accompanying oropharyngeal injury, careful management considering airway obstruction is necessary. If there is swelling of the larynx or epiglottis, the airway should be maintained by performing tracheotomy rather than tracheal intubation.
Several methods for the management of caustic esophageal injuries must be avoided before their evaluation, which include administering drugs that may induce vomiting. This is because such methods may reexpose the esophagus to the caustic substances residing in the stomach. Neutralizers must also be avoided because the heat generated from the neutralization reaction may worsen the tissue injury. Furthermore, nasogastric tubes must also be avoided, as they may induce vomiting and reexpose the esophagus to the caustic substances; the pressure generated during vomiting may also increase the risk of perforation.
Upper GI endoscopy
As described above, upper GI endoscopy to evaluate the degree of injury must be performed within 24 hours. Patients with grade 0 injuries can be discharged immediately, and those with grade 1 or 2A injuries do not require specific treatment. Patients can consume liquids, and advance to regular food within 24 to 48 hours. Patients with grade 2B or 3 injuries can be given liquids through a nasogastric tube 24 hours after the ingestion of caustic substances, and may drink water if they are able to swallow saliva after 48 hours. Patients with grade 3 injuries must be carefully observed for perforation symptoms for at least 1 to 2 weeks after the ingestion.
Surgery
Esophagectomy is required for patients with severe stricture; 32 however, this may result in negative long-term consequences concerning the survival rate or functional capacity. 27 Emergent surgery is required for patients with perforation, mediastinitis, and peritonitis. If performed by an experienced surgeon, minimally invasive thoracoscopic and laparoscopic procedures result in better outcomes than conventional methods. 33 The most important factors to ensure successful recovery include vascular supply and low tension of the anastomotic site. In patients with damage to both the esophagus and stomach, the colon is usually used as a source of replacement tissue. On the other hand, in patients with damage to only the esophagus, the stomach is pulled up toward the mediastinum to replace the esophagus.
Prevention of strictures
The use of corticosteroids to prevent the formation of strictures is controversial. Usually, it is not recommended because corticosteroids increase the adverse effects without actually preventing stricture formation, as stricture formation is determined by the initial depth of the injury. 34, 35 Grade 3 injuries especially are not affected by the use of corticosteroids. Intralesional injection of triamcinolone has been attempted; however, there are no clear data on the effectiveness, appropriate dosage, and frequency of administration that is required to prevent stricture formation. 36 There is an old study that has shown that antibiotic use significantly helps in preventing strictures. 37 However, the efficacy has not been proven in patients without infection. Currently, the use of antibiotics is not recommended for preventing strictures in patients who are not being treated with corticosteroids.
Nasogastric tube insertion can cause infection, acid reflux, and long strictures; therefore, its unique use is not currently recommended. However, a report suggested that nasogastric tube insertion can be used to provide enteral nutrition; therefore, it can be used selectively. 38 Several reports stated that intramucosal injection of mitomycin-C, a chemotherapeutic agent with DNA cross-linking activity, was helpful to prevent strictures; 39, 40 however, patients should be observed carefully because systemic absorptions can cause serious adverse effects. A recent meta-analysis indicated positive long-term results; however, additional prospective studies are needed to determine the appropriate concentration, administration period, and frequency of administration, 39 as theoretically, malignant tumors can develop. Therefore, this therapeutic method should be used with caution.
Several reports have shown the usefulness of a specially designed stent (silicone rubber, 41 Polyflex stent; 42 Boston Scientific, Natick, MA, USA) for preventing stricture formation. However, their low efficacy (<50%) and high expulsion rate (>25%) were problematic. Recently, researchers of a study on the use of a polytetrafluoroethylene stent reported an efficacy of 72% during a period of 9 to 14 months, and researchers of another study on a biodegradable stent reported a 45% efficacy during 53 months, indicating the development of various stent models with varying efficacies. Bougie dilatation has been recommended; however, its efficacy is unclear and additional studies are required.
Apart from the treatment models described above, antioxidants (such as 5-fluorouracil and vitamin E), phosphatidylcholine, octreotide, and interferon-α-2b are being studied for their utility in preventing stricture formation in animal models; however, they are not yet at a stage where they can be used to treat humans. More time may be needed before antioxidants could be used for treatment.
Once a stricture develops, balloon dilatation can be attempted carefully.
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PROGNOSIS
The most important prognostic factors include the degree of tissue injury and the underlying condition of the patient. Most deaths occur because of complications such as mediastinitis and peritonitis; therefore, strict management in the initial stage is crucial to avoid the occurrence of complications. This article does not address the complications of tissue injury; however, the most representative chronic complications include stricture, squamous cell carcinoma, and a decrease in lower esophageal sphincter pressure, which leads to reflux esophagitis, esophageal motility disorder, intractable pain, gastric outlet obstruction, acidity, and protein losing enteropathy. Acid reflux may be an aggravating factor that cause refractory stricture of the esophagus; therefore, regular observation and aggressive anti-acid therapy is necessary in patients with corrosive esophagitis. 28 
CONCLUSIONS
In this article, I have reviewed the etiologic causes of caustic GI injury, mechanisms of injury, clinical signs, endoscopic evaluation, and management of patients who have ingested caustic substances. The degree of caustic tissue injury is determined by the nature of the swallowed substance and time the substance spent in contact with the mucosa.
In most adult patients, it may be beneficial to perform an upper GI endoscopy within 24 hours to evaluate the degree of tissue injury. It can help determine the treatment options and to predict prognosis. However, endoscopy is usually con-traindicated in patients with hemodynamic instability, possible perforation, severe respiratory insufficiency, and severe swelling of the larynx or oropharynx. Patients with a moderate to severe level of injury should be admitted to the ICU while strictly monitoring for any life-threatening complications. In addition, if complication such as mediastinitis, peritonitis, and other signs indicative of perforations is observed, emergent surgery is required.
